Literature has identified formal and informal channels in university knowledge and technology transfer (KTT). While formal KTT typically involves a legal contract on a patent or on collaborative research activities, informal transfer channels refer to personal contacts and hence to the tacit dimension of knowledge transfer. Research is, however, scarce regarding the interaction of formal and informal transfer mechanisms.
Introduction
In modern economies, technological progress and growth have frequently been characterized to rely on knowledge produced in the public sector (Jaffe, 1989; Adams, 1990) . Private firms have been shown to benefit from close links to academic research because they increase their ability to develop new products and process innovations (Cockburn and Henderson, 1998; Cassiman et al., 2007) . The links through which academic science reaches the private sector, however, differ considerably. Prominent and well-researched channels are licensing contracts (Jensen and Thursby, 2001; Thursby and Kemp, 2002) , joint research projects (Cockburn and Henderson, 1998) or academic consulting (Thursby et al., 2009) . In fact, most of the existing research has focused on formal university knowledge and technology transfer (KTT) mechanisms, i.e., those that embody or directly lead to a legal instrument like a patent, license or royalty agreement (Bozeman, 2000; Feldman et al., 2002; Siegel and Phan, 2005; Czarnitzki et al., 2012) . Only a few authors have investigated informal university KTT mechanisms (e.g., Link et al., 2007; Grimpe and Fier, 2010) . Informal KTT focuses on primarily noncontractual interactions of the agents involved, i.e., on university scientists and industry personnel. While the individual channels of industry collaboration and their contribution to firm innovation performance have received considerable attention in the literature, surprisingly little is known about their interaction. Existing research suggests that formal and informal KTT may go well together (Siegel et al., 2003; Link et al., 2007) in that informal contacts improve the quality of a formal relationship or in that formal contracts are accompanied by an informal relation of mutual exchange on technology-related aspects. It is therefore likely that both types may occur simultaneously in order to transfer codified knowledge in the form of a patent or license as well as tacit knowledge through the interaction between the university scientist and industry personnel (Perkmann and Walsh, 2007) . It is, however, unclear whether the joint occurrence of formal and informal KTT benefits innovation performance over and above the contribution of the two modes individually. In other words, in this paper we are interested in whether the two modes are in fact complementary activities.
From a theoretical point of view, our research integrates literature that addresses both the firm level and the university scientist level, i.e., we draw from the knowledge spillover theory of entrepreneurship (Audretsch et al., 2005; Acs et al., 2009) as well as the scientific and technical human capital approach (Bozeman and Corley, 2004; Ponomariov and Boardman, 2010) to develop our arguments on why to, theoretically, expect a complementary relationship between formal and informal KTT. Our empirical test rests on a comprehensive sample of more than 2,000 German manufacturing firms for which we conducted a direct test for complementarity. In that sense, our research contributes to the literature in at least two ways. First, we shed light on a rather understudied area in the literature on industry-science collaboration, i.e., the interaction of formal and informal KTT and its contribution to firm innovation performance. In contrast to other papers in the domain that focus on the individual scientist (e.g., Louis et al., 1989; Powell, 2001, 2003) , we adopt the perspective of the firm engaging in university KTT. In fact, universities have frequently been regarded as a source of unique and valuable knowledge which has been characterized as the most important asset of a firm for achieving competitive advantage (Grant, 1996) . Second, our research contributes to the ongoing discussion on the effectiveness of different channels of KTT to enhance firm performance and to stimulate economic growth (D'Este and Patel, 2007) . In that sense, our research informs the decision-making of both policy-makers and managers on how to make use of particular instruments to transfer university knowledge most effectively. The remainder of the paper is organized as follows. The next section contains a theoretical
In the following, we will use the term "university scientist" as shorthand for scientists employed at universities or other public research institutes. 1 discussion of the two transfer mechanisms, their interaction and the trajectories through which they may impact the innovation performance of firms. Section 3 describes our data-set and Section 4 our empirical strategy. Section 5 presents our results, and the final section outlines conclusions, implications of the empirical findings and limitations of our study.
Literature Background
Given the multitude of channels through which KTT may occur, definitions of formal versus informal modes of transfer have not been unambiguous. Link et al., (2007) , for example, define informal KTT as a mechanism facilitating the flow of technology knowledge through informal communication processes which could comprise technical assistance, consulting or collaborative research. In contrast to formal KTT mechanisms which often aim at transferring a specified research outcome like a patent, informal mechanisms do not, and there is usually no expectation that they will. In this sense, formal KTT is conceived as a way to allocate property rights, whereas those are of much less importance in informal KTT. This definition is, however, not without problems. Siegel et al., (2003) and Thursby et al., (2009) found that many university scientists in the USA do not disclose their inventions to their university although prescribed by law. And even if university inventions are publicly disclosed, some firms will try to contact scientists and set up work arrangements directly (Hall et al., 2003) purposefully bypassing the technology transfer office (TTO; Hertzfeld et al., 2006) . While such a situation could be interpreted as an informal KTT, we can assume that in most cases there will at least be a contractual relationship between the scientist and the firm, governing the nature of the collaboration including duties and remuneration. Hence, the contract itself makes it a formal KTT. Consequently, for the purpose of our study we define informal KTT as a mechanism that does not involve any contractual relationship between the university scientist and the firm. Examples could be contacts between academics and industry personnel at conferences, or other informal contacts, talks and meetings.
Conceptually, several theoretical approaches have been suggested to explain why formal and informal KTT occur and why both modes may interact. In the following, we will focus on two approaches, namely the knowledge spillover theory of entrepreneurship and the scientific and technical human capital approach. We do not seek to test predictions from these theoretical approaches against each other but rather to identify arguments concerning the occurrence and interaction of formal and informal KTT. Adopting the perspective of the firm, the knowledge spillover theory of entrepreneurship has evolved as a prominent theoretical concept that puts emphasis on knowledge spillovers and their role for opportunity identification and exploitation (Audretsch et al., 2005; Acs et al., 2009) . The theory argues that research and development (R&D) activities lead to new knowledge being produced even though only a part of it is actually commercialized. Contexts rich in knowledge, like universities, generate a high number of entrepreneurial opportunities. Entrepreneurs or established firms, i.e., corporate entrepreneurs (e.g., Guth and Ginsberg, 1990) , that see an opportunity in a certain piece of knowledge not fully commercialized consequently exploit the opportunity (Audretsch et al., 2005) . In our context, it is, therefore, the firm that serves as a conduit for knowledge spillovers from academia to industry.
Knowledge produced at universities is rather basic in nature (Trajtenberg et al., 1997; Czarnitzki et al., 2009b) . It can be seen as the result of a dynamic development that is hard for firms to develop internally, since this process relies on a vivid discussion of earlier 686 C. Grimpe and K. Hussinger research results including a careful documentation of trial and error. Nevertheless or just because of that, university science and inventions are considered to be among the most important knowledge sources for innovation activities (Cohen et al., 2002; Arundel and Geuna, 2004) . Due to its codification and careful documentation, university research can further lead to efficiency enhancement in private research and to avoiding duplicated research (Dasgupta and David, 1994; Hall et al., 2003; Crespi et al., 2006) . University involvement has been further found to be especially important in new technological areas, where business partners expect university scientists to translate and explain the nature of research being undertaken and to anticipate future research problems in those areas (see Hall et al., 2003 , for the US Advanced Technology Program).
The choice of the KTT mode should primarily depend on the type of knowledge and its opportunities for exploitation. On the one hand, formal KTT provides the firm with a clearly contoured research result or solution to a particular technological problem. Formal KTT through licensing, for instance, requires rather limited interaction. Similarly, other formal transfer modes like contract research or consulting allow firms to specify the desired research outcome which is subsequently transferred with all exploitation rights (Perkmann and Walsh, 2007) . Through formal KTT firms gain access to complementary codified scientific knowledge, which they can exploit to create a unique combination of knowledge in order to enhance the quality of their inventions (Cassiman et al., 2008) or to realize efficiency gains for business R&D (Dasgupta and David, 1994; Crespi et al., 2006) . The flipside of the coin is that university licenses and other types of contracts may be sold to competitors as well, which limits the potential for creating unique and valuable combinations of firm resources (Saviotti, 1998) . Further, knowledge exchange might be limited to the stipulated amount.
On the other hand, informal KTT through contacts, meetings or conferences gives a firm the opportunity to browse for relevant technological knowledge without mobilizing substantial human or financial resources. Moreover, informal KTT enables firms to access tacit knowledge surrounding formalized technological knowledge that may actually be needed in order to integrate scientific knowledge into the firm's R&D process. To achieve this, close interaction of personnel from the university and the firm is required. Moreover, informal KTT may facilitate the attraction of talented researchers from academia who may both contribute to the quality of internal research efforts and act as 'gatekeepers' to bridge the firm's research activities with academic science. In this respect, Fabrizio (2009) illustrates the importance of absorptive capacity of the firm through an acquisition of scientific personnel, which leads to a better exploitation of scientific research and shorter time lags between knowledge acquisition and inventions. Although a lack of a formal collaboration framework might be considered a shortcoming of informal transfer in isolation, the knowledge gained from informal transfer limits competitors' opportunities for imitation (Aschhoff and Sofka, 2008) .
Another theoretical approach which adopts the perspective of the individual scientist and which may consequently help in explaining formal and informal modes of transfer is the scientific and technical human capital approach (Bozeman and Corley, 2004; Ponomariov and Boardman, 2010) . It suggests scientific and technical human capital to be a result of not only "individual endowments" of tacit and craft knowledge but also social contacts and networks. University scientists build up scientific and technical human capital as they advance their career, are productive in terms of scientific publications and patent applications, obtain external funding (Grimpe, 2012) and as they successfully collaborate with industry (Belkhodja and Complementarity Effects and Innovation Performance 687 Landry, 2007) . In addition, being well connected and occupying a key position in professional networks helps to accumulate scientific and technical human capital since "social capital begets human capital" (Ponomariov and Boardman, 2010: 616) . University scientists are more likely to collaborate with industry if their endowment with scientific and technical human capital is higher because those scientists may also be better able to perform research projects together with industry. In this regard, social capital plays an important role. Establishing informal contacts between university scientists and industry personnel may "lubricate" the relationship and increase the chance to transfer both codified and tacit knowledge such that firms get a more comprehensive understanding of the knowledge acquired from academia.
Besides the benefits that formal and informal modes of KTT individually promise, the two theoretical approaches presented above suggest that both modes may go well together (Siegel et al., 2003; Link et al., 2007) . Informal contacts presumably improve the quality of a formal relationship or formal contracts may be accompanied by an informal relation of mutual exchange on technology-related aspects. It is therefore sensible to assume that, if both types occur simultaneously, codified and tacit knowledge may be transferred through the interaction between the university scientist and industry personnel (Perkmann and Walsh, 2007) . Put differently, there is reason to assume a super-additive effect of formal and informal KTT on a firm's innovation performance if both modes occur simultaneously. Hence, we hypothesize a complementary relationship between formal and informal KTT, i.e., it is not an isolated transfer mode that provides firms with superior innovation performance but instead a combination of both transfer modes. The following section introduces the empirical part of our paper.
Data
The underlying database is the Mannheim Innovation Panel (MIP), a survey which has been conducted annually by the Centre for European Economic Research (ZEW) on behalf of the German Federal Ministry of Education and Research (BMBF) since 1992. The MIP is the German part of the Community Innovation Survey (CIS) of the European Commission. We restrict the sample to German manufacturing firms as technology transfer presumably has a different nature for services. This paper is based on the 2003 wave that asks firms whether they have collaborated with universities or public research institutes in the period from 2000 to 2002 ["Has your company collaborated with a scientific institution (university and other public science institutions) using one of the following collaboration modes in the period 2000-2002?"] . Firms were asked to rate the importance of several KTT channels. In line with our definition of formal and informal KTT, we defined the following collaboration modes as being formal:
(1) collaborative research, (2) contract research, (3) technology consulting, (4) licensing and acquisition of technologies developed at universities.
All four measures are based upon a contractual relationship. Moreover, they exhibit common characteristics in that they involve a legal contract. Hence, we summarize them under one variable for formal KTT. Informal KTT is defined by the survey item "informal contacts to universities and public research institutes". Out of the 2,092 firms in our sample, 691 collaborated with public science in a formal way and 786 in an informal way. Of those, 614 firms used both forms of collaboration, while 1,229 firms did not engage in any university KTT relationship at all. Figure 1 shows the distribution of firms across the different formal university collaboration modes. The light gray area indicates the number of firms that also have informal links to the university. The dark gray area shows firms that rely on formal links only. It becomes apparent that all types of formal collaboration modes mostly coincide with informal links to the university. Focusing on the distribution of formal collaboration modes, it seems surprising that university licensing which is receiving much attention in the literature on industry-science links is used by relatively few German firms. A likely explanation for the relatively low rate of licensing agreements between firms and universities and the high frequency of informal links in Germany is that until 2002 the 'professor's privilege' ("Hochschullehrer privileg") was in place. Once derived from Article 5 of the German constitution, which pertains to the freedom of science and research, the professor's privilege constituted that professors were the only occupational group in Germany that had the right to use their scientific results for private commercialization even if the underlying research was financed by the university (Kilger and Bartenbach, 2002) . The professors' right to commercialize inventions privately before 2002 is reflected by a low number of German university patents (Czarnitzki et al., 2007 (Czarnitzki et al., , 2009a (Czarnitzki et al., , 2011 , which translate into low university licensing activities in Germany as compared to the USA, where the Bayh-Dole Act, which can be seen as the US counterpart of the German abolishment of the professors' privilege, took place already more than 20 years ago.
Figure 1 further shows that academic consulting is the most commonly used collaboration mode. Consulting to the business sector is an important way for scientists to increase their research budgets and has been found to be an important industry-science link for US universities as well (Link et al., 2007; Thursby et al., 2009) .
The observation that formal links and informal links mostly occur together raises questions about situations in which both KTT modes occur in isolation. Formal links without informal links can, for instance, occur if there is a licensing contract between a firm and a university. In an extreme case, a licensing contract could happen after a patent application by the firm in which the patent examiner adds a closely related university patent as prior art. In this case, a licensing contract without additional informal links can be the consequence in order to avoid infringement. One should keep in mind that contracts are typically not written by the researchers themselves so that there might be many possible situations in which no informal links emerge. Informal links without formal links can emerge when an industry scientist visits research seminars at a university or when university researchers are invited for a presentation at a company. Another example would be a university spin-off where the founder still has close contacts with his or her former colleagues. Again, multiple scenarios are possible here. We add 'supply-side factors' in university technology transfer by matching our firm-level data-set with regional data from the year 2000 on the number of university scientists in the NUTS-3 region where the firm is located. We did not restrict this number to any particular scientific discipline but normalized it by dividing it by the population of the region. Appendix Table A1 summarizes the definitions of the control variables. Table 1 shows some descriptive statistics distinguishing between the four groups of firms according to their involvement in collaboration with scientific institutions.
2 It becomes apparent that firms engaged in formal and informal KTT are the largest in terms of employment, R&D intensity, innovation sales over total sales, 3 share of skilled workers, as defined by labor force with a university degree, and export sales. The high R&D intensity of firms using both modes of KTT suggests that firms require substantial absorptive capacity Levinthal, 1989, 1990) in order to reap the benefits from formal and informal university collaboration. Skilled labor as defined by employees with a university degree might be essential not only for the exploitation of formal relationships but much more for the establishment of informal contacts to the university. The higher innovation sales of firms using both transfer modes are a first indication for the complementarity of formal and informal university links. Note that for the continuous variables Table 1 shows the mean and standard deviation values for two different years. We use the continuous variables as firm size and R&D intensity with a one-year lag in our later regression for the choice of the collaboration modes in order to limit endogeneity problems with respect to the regressors. For the same reason, we linked the cross-section 2003 to the cross-section 2004. In the last part of the analysis, we estimate the effect of the different transfer mechanisms on innovation sales. Using a lead of the dependent variable is again an attempt to limit endogeneity problems. Unfortunately, only a subsample of 884 firms responded to the sample in both years, which reduces the number of observations in the last part of the analysis.
Empirical Strategy: Testing for Complementarity
In order to test for complementarity of formal and informal links to the university, we apply an empirical strategy that is based on the theory of supermodularity (Milgrom and Roberts, 1995; Arora, 1996; Athey and Stern, 1998; Lokshin et al., 2007) which has been used in the field of industrial organization and management in recent years (e.g., Kaiser, 2003; Lokshin et al., 2007; Mohnen and Röller, 2005; Cassiman and Veugelers, 2006; Catozzella and Vivarelli, 2007) . In these contexts, complementarity is defined as the increase in marginal or incremental return to one practice if other practices are in use as well. In our application, we are interested in testing whether the use of informal university KTT increases the returns of formal KTT or vice versa. Intuitively, this means that using the second channel of collaboration if the other one is in place has a higher incremental impact on innovation performance than using one of the modes more intensely in isolation. Analogously, we would find that informal and formal KTT are substitutes if one of the links would decrease the marginal or incremental returns from one to the other collaboration mode. We will use a direct test for supermodularity in the empirical section (Arora, 1996; Athey and Stern, 1998) . The direct approach tests whether the simultaneous adoption of different practices, formal and informal KTT, has a positive impact on innovation performance. If the joint use of both collaboration modes has the highest impact as compared to using one of the channels in isolation, they are complements (Arora, 1996; Athey and Stern, 1998; Lokshin et al., 2007; Mohnen and Röller, 2005; Cassiman and Veugelers, 2006; Catozzella and Vivarelli, 2007) . In the empirical application, we have hence three different possible collaboration patterns for each firm i, formal collaboration (A1), informal collaboration (A2) and both informal and formal collaboration (A1 £ A2), entering our empirical model for the innovation performance at the firm level:
The direct test derives directly from the inequality defined by the theory on supermodularity (Milgrom and Roberts, 1995) . In case of complementarity, we should find:
Empirical Results
Before we apply a direct test to investigate complementarity between formal and informal KTT, we analyze the correlation between both collaboration modes conditional on absorptive capacity and other characteristics of the firm. Formal and informal KTT are defined as nonexclusive activities of the firms, i.e., it is possible that the firms use both. We estimate the following bivariate probit model:
where Z i is a vector of firm characteristics. The results are presented in Table 2 . The most important finding is that there is a significant positive relationship between formal and informal KTT as indicated by the positive and significant correlation coefficient r. This finding suggests that formal and informal links are likely to occur in combination and hence is a first indication of complementarity. The estimation results further show that there is no substantial heterogeneity in firm characteristics predicting formal and informal KTT. In line with our expectations, firm size and absorptive capacity as is reflected by R&D intensity are important to engage in any Complementarity Effects and Innovation Performance 693 technology transfer from the university, while firm age reduces the propensity to engage in formal KTT. The negative effect of firm age might be explained by the fact that the firm was founded based on a patent or license originating from a university. In case of a university spin-off, we can also assume this relationship to continue after the firm was founded. Moreover, one could assume that with increasing age, a firm is more capable of doing research in-house. In contrast, we do find a positive effect of firm size which rather captures the effect that large firms have more funds available to invest into R&D and into R&D collaboration. Moreover, skilled workers (normalized by R&D) matter significantly, and having no employees with a university degree significantly lowers the probability of using either KTT mode from the university. Employees with a university degree are supposed to be essential for establishing and maintaining contacts to the university. Further, the density of scientists in the region is an important determinant for KTT from the university. Moreover, firms being part of a firm group are less engaged in university collaboration, be it formal or informal. This effect is less strong for firm groups with a foreign headquarter. A likely explanation is that firm groups give priority to collaboration within the group and that firm groups with a foreign headquarter might be more interested in learning about local Wald-x 2 609.27*** Note: ***,**,* indicate statistical significance at the 1%, 5%, 10% level.
694 C. Grimpe and K. Hussinger technologies than domestically led firm groups. Last, eastern German firms turn out to be more likely to collaborate with universities. The only difference for the predictors of using formal and informal links to the university is found in the age of firms. While the likelihood of formal KTT decreases in firm age, there is no significant effect for the use of informal technology transfer. 4 In the next step, we conduct a direct test for complementarity of both KTT modes. We test whether the combined use of both translates into superior innovation performance. Our R&D performance measure is sales with innovative products, defined as products new to the market over total sales. We use the dependent variable with a one-year lead to limit endogeneity problems. As not all firms responded to the survey in the following year, we have to conduct the test based on a reduced number of observations. The test is implemented using a Tobit model to account for the fact that many firms have no sales with innovative products at all and others have all their sales with innovative products. The estimated model can be written as:
total sales i * innovation sales i where total sales i is the unobserved latent variable. The observed dependent variable is equal to:
total sales i Most important are the coefficients for the informal and formal variable and the interaction term of those variables as they allow to directly test Equation 2. X i is a vector of covariates and u i is the error term of the model.
In addition, we estimate a probit model in search of complementarity of both KTT modes for the likelihood of having any innovation sales as a robustness check. The dependent variable is now a binary variable that equals 1 if innovation sales are larger than 0 and 0 otherwise. The model can be written as:
We checked if the negative effect of firm age is driven by our specification by including a squared term of the age variable. Both the linear and the squared term were significant, the linear with a negative and the squared term with a positive sign. This would suggest a U-shaped relationship. However, the turning point lies to the right of the data cloud so that this finding actually supports a negative relationship between the use of formal technology transfer channels and firm age. It has to be noted that the effect of firm age is distinct from the effect of firm size since the two variables measure two different dimensions, with mature firms not necessarily being large and vice versa. The low correlation of 0.19 between the variables supports this perspective. ( 1 if I½innovation sales i . 0 $ 0 I½innovation sales i . 0 ¼ ð7Þ 0 otherwise Table 3 shows the estimation results. The results of both models show that using formal and informal KTT in combination contributes to firms' innovation performance, while there is no performance effect of using one KTT mode in isolation. This is a strong indication for 696 C. Grimpe and K. Hussinger complementarity of formal and informal KTT. We can further confirm this result based on one-sided tests on the null hypothesis of no complementarity (derived from Equation 2) at the 10 per cent level of statistical significance (see Table 3 ).
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With respect to the control variables, it turns out that the major part of innovation sales over total sales is explained by innovation sales over total sales in the previous period. This is not surprising as the lagged dependent variable can be seen as an attempt to control for fixed effects in innovation performance. A few other variables have an effect on innovation sales. One is the indicator for R&D collaborations with firms. Like industry-science linkages, interfirm collaborations have a positive effect on innovation sales confirming prior findings (see Hagedoorn, 2002 , for an overview). Further, the share of workers with a university degree and being a process innovator are predictors of innovation sales. Small and medium sized enterprises and firms in firm groups with a foreign headquarter are less successful in terms of innovation output than others.
Conclusion and Future Research
In this paper, we have analyzed the interplay of formal and informal university KTT modes and their importance for innovation performance of firms. We defined informal KTT as a mechanism that does not involve a contractual relationship between the university scientist and the firm, while formal KTT is based on such a contract. Our research has used the knowledge spillover theory of entrepreneurship (Audretsch et al., 2005; Acs et al., 2009 ) and the scientific and technical human capital approach (Bozeman and Corley, 2004; Ponomariov and Boardman, 2010) to explain both modes as well as their interaction. In fact, our empirical analysis reveals that the use of formal and informal KTT with the university mostly coincides. Complementarity tests show that formal and informal modes are complements, i.e., the use of informal KTT is associated with higher marginal returns of formal KTT and vice versa.
In that sense, our results contribute to the literature by shedding light on an understudied area in the literature on industry -science collaboration. We adopt the perspective of the firm engaging in university KTT to show that knowledge which has not yet been commercialized may be exploited by corporate entrepreneurs in order to increase innovation performance. Moreover, our research informs the decision-making of both policy-makers and managers on how to make use of particular instruments to transfer university knowledge most effectively. Our analysis reveals, for instance, that university licensing is not as prominent in Germany as previous literature suggests for the USA. The reason is that until 2002 professors owned the inventions they produced at German universities ("professor's privilege"). Hence, we observe only a few technologies that are patented through German universities, which leads to little opportunities for university licensing. From 2003 onward, the professor's privilege was abolished and since then universities own the inventions made in-house and have, hence, only since then Note that the low levels of significance for the coefficients for informal and formal KTT are caused by their high correlation indicated by a correlation coefficient of 0.74. This suggests that with different, less correlated measures for the individual KTT links the coefficients might become significant so that their nonsignificance should not be overinterpreted.
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Complementarity Effects and Innovation Performance 697 been in charge of KTT. For the German university system, this means a significant change as universities mostly did not maintain professional TTOs like US universities (Debackere and Veugelers, 2005) . As a consequence, TTOs just emerged in Germany in recent years. TTOs typically support formal KTT between universities and the business sector. Our findings suggest that universities should keep in mind the importance of informal transfer which is already in place when designing KTT policies and commercialization of incentive schemes for scientists. Next to fostering contracting with the business sector, room for informal contacts should be established and existing informal links should be identified, acknowledged and supported by TTOs if they are considered useful for the university.
Our results also have important management implications. Firms interested in setting up a relationship with a university to transfer knowledge and technology should be aware that the full potential of such a transfer can only be realized if both transfer channels are used. The reasons for this are twofold: Firms require not only the codified knowledge, e.g., in a licensed patent, but also the tacit knowledge surrounding a particular technology. In this sense, establishing a permanent relationship with a university with varying degrees of formality or informality seems to be key in benefiting from knowledge developed externally at universities. Moreover, our empirical analysis highlights the importance of absorptive capacity for KTT and its exploitation within the firm.
Our study is not without limitations. First of all, our data are based on a cross-section which limits our ability to infer causal effects. Nevertheless, we have used different survey waves to limit simultaneity problems. Moreover, it would, for instance, be interesting to investigate the different formal KTT modes and their complementarity with informal modes in isolation. Given the small numbers of firms that use only formal KTT modes, our data do not allow us to provide additional analyses here. Finally, we focus on manufacturing firms only. It would be interesting to extent the analysis to service firms. However, such an analysis would be complicated by the different nature of innovation processes in manufacturing versus services sectors. Future research should try to generate more insights into how formal and informal KTT mechanisms can be combined such that both sides benefit most. In this respect, it would particularly be interesting, on the one hand, to get insights into the evolution of KTT relationships, whether both channels can be observed at the same time or whether one channel stimulates the other. Relatedly, it would be very interesting to investigate the emergence of formal and informal links around universities and how university's business networks evolve. On the other hand, it would be interesting for the case of Germany to conduct a similar analysis in a couple of years in order to evaluate the effect of the abolishment of the professor's privilege on formal and informal KTT. Further, with a richer data-set, moderation effects that explain under which conditions complementarity is stronger or weaker could be identified.
